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After currently proved reserves are produced by conventional
methods, nearly two-thirds of the known domestic oil resource —
more than 300 billion barrels — could be abandoned in reservoirs
in the Lower-48 United States. This resource is not economically
recoverable with currently available technologies. Production of
any meaningful portion of this oil will require both adequate oil
prices and technology advances in such areas as reservoir descrip-
tion and secondary and tertiary recovery. Cost-effective applica-
tion of such new or improved technologies now depends largely
upon the use of existing wells as points of access to the reservoirs
containing the remaining oil resource. Existing U.S. wells, how-
ever, are being plugged and abandoned at record rates, which
Impairs economic access to this remaining resource.

This study was designed to estimate theamount of known remain-
ing oil resource associated with abandoned wells and to project
future abandonments as a function of oil prices. Two independent
analytical approaches, applied in eight oil producing states, show
an accelerating rate of resource abandonment:

* Nearly 30% of this resource had been abandoned in eight
major oil producing states by 1980.

* By1987, 40% of this resource had been abandoned, with the
rateof remainingresourceabandonmentincreasing inmore
recent years.

Future rates of abandonment, projected in nine major states, are
highly sensitive to oil prices:

* If low oil prices persist and technology advances are de-
layed, remaining resource abandonments in the Lower-48
states could reach 65% by 1995 and exceed 75% early in the
twenty-first century.

* Evenifoil prices return to therecord high levels of the early
1980s, nearly 60% of the resource could be abandoned by
2000.

SUMMARY



This report can serve as a precursor to an analysis of the potential
impact of abandonments on the application of advanced recovery
methods. The cost impact of drilling new wells could delay the
implementation of a recovery process or possibly eliminate some
opportunities for such applications. The results of this study,
coupled with additional reservoir analyses to identify potential
areas of advanced recovery opportunities, can be used to estimate
the resource base that is at risk. The results of such an analysis
could be used to focus short term work on methods to delay
abandonment in these high risk areas and thereby increase oppor-
tunities for additional recovery. In many cases, the application of
existing technology in new locations or novel ways in marginal
fields may be appropriate. Research should proceed to identify
methods to reduce costs in advanced recovery operations, allow-
ing for timely utilization of wells that are approaching abandon-
ment. Furthermore, in light of the increase in well abandonments,
research to identify methods to reduce costs associated with
redrilling abandoned wells or re-entering plugged wells may help
to increase the economic accessibility to the remaining resource.




CurrentU.S. oil production can only satisfy roughly 60% of domestic
demand, requiring imports to fill the gap. While this might
indicate a critical shortage of domestic oil, the U.S. actually has a
vast resource of oil inknownreservoirs. Domestic production, not
resource, is in shortage. As of the end of 1985, 460 billion barrels
of original oilin place (OOIP) have been found in known reservoirs
in the Lower-48 states, excluding the 33 billion barrels of original
oil discovered in Alaska. Of this Lower-48 resource, 137 billion
barrels have already been produced, and another 21 billion re-
mains as proved reserves, oil that can be economically recovered
with current technology (Figure 1).

Conventional Remaining
Recovery Oil-In-Place
158 (35%) 302 (65%)

Cumulative
Production
137 30%)

Proved
Reserves
21 (5%)

Lower-48 Total: 460 Billion Barrels
Original Oil-In-Place*

Source: BPO/TORIS, 1987; EIA, 1986
*Asof12/31/85.

Figure 1: Quwer 300 Billion Barrels of Known Oil Resources in
Reservoirs of the Lower-48 StatesWill Remain After
Conventional Production

BACKGROUND

Resource Magnitude



Well Abandonments

The remaining two-thirds of the known resource, approximately
300 billion barrels, cannot be economically produced with cur-
rently available technology. This oil is trapped or bypassed by
conventional recovery techniques due to heterogeneities and rock
and fluid properties within the reservoir. The remaining resource
falls into two categories: mobile o0il that can be recovered through
natural reservoir forces or displaced by water and recovered using
improved primary and secondary recovery techniques suchas ad-
vanced waterflooding and infill drilling; and immobile oil that is
residual to secondary recovery processes and can only be recov-
ered using enhanced, or tertiary, oil recovery processes such as
thermal recovery, miscible gas injection, or chemical flooding.
Furthermore, mobile oil consists of bypassed oil thatis recoverable
by advanced waterflooding and uncontacted oil that is not in
pressure communication with any wells, but is producible with
infill drilling. See the Glossary for amore indepth discussion of the
components of this resource.

Although thisremaining resource can never entirely berecovered,
it represents a substantial target for future advanced techniques
that are expected to become available for cost-effective application
through research and development. Recovery of even a small
percentage of this remaining oil could significantly augment
domestic proved reserves, increase domestic production, reduce
dependence on imported oil, and reduce the trade deficit. Recent
estimates indicate that as much as 100 billion barrels of oil could
become economically recoverable with advanced recovery proc-
esses, given research and development (R&D), technology trans-
fer, and economic conditions adequate to promote widespread
field application of these processes.*

A significant portion of this recovery potential presupposes that
existing wells will be available for use in advanced recovery
processes. However, with a loss of economic viability caused by
declining rates of production due to the maturity of the Lower-48
resource and lower oil prices, the wells that currently provide
access to the remaining resource are being abandoned. These wells
cannot continue to economically justify production; the cost to
operate them is greater than the oil revenue they generate.

*From NPC, Enhanced Oil Recovery, Washington, D.C., 1984; and William L. Fisher,
Director, Burcau of Economic Geology, University of Texas at Austin, Technical Depend-
ency of U.S. Oil and Gas Resource Base, Paper presented at the Society of Petroleum Engi-
neers Symposium on Energy, Finance, and Taxation Policies, September 19-20, 1988.




As these marginal, or stripper, wells lose economic viability, they
are plugged and abandoned by their operators. Figure 2 shows
that therate of stripper well abandonments has increased substan-
tially since 1980, especially when the oil price has fallen. Since
1981, over 95,000 wells have been permanently plugged.

For environmental and economic reasons, when a well is aban-
doned, all salvageable equipment is removed, cement plugs are
placed in the well, and the land is restored as close to its natural
state as possible. While permanent plugging of uneconomic wells
is sound economic and environmental policy, abandonment re-
duces the economic viability of future advanced recovery projects
that could use these wells as points of reservoir access for testing,
injection, and production. Existing wells are not needed for
production of uncontacted oil, as a portion of this oil can be pro-
duced through new wells alone. However, the existing surface
equipment and wells are still critical to the economics of most infill
drilling programs. The wells provide points for testing reservoir
response and act as injection wells to displace bypassed oil in
previously contacted compartments. Because both uncontacted
and bypassed oil will be present in most new infill projects,
economics usually demand production of both components of
mobile oil to support the required investment.
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Figure 2: Oil Prices Affect Stripper Wells Almost Immediately

After abandonment, only two options exist for contacting remain-
ing resource in a reservoir — drilling new wells and re-entering
plugged wells. In either case, the operator must replace the




STUDY OBJECTIVE

ANALYTICAL
APPROACH AND DATA
SOURCES

Nine States Evaluated

infrastructure that was dismantled when the original wells were
abandoned. Both of these processes are extremely expensive as
their costs are comparable to those for beginning production in a
new field. Often re-entry is more expensive than redrilling,
particularly in older, shallow fields.

As abandonments erode access to the remaining resource, fewer
future advanced recovery projects will be economically feasible.
Advancedrecovery projects will seldombe able to produce enough
oil to justify both the high start-up costs associated with applying
these processes and the costs of redrilling an abandoned field.

The objective of this study is to estimate the volume of remaining
resource that has been abandoned due to well plugging and to
project this volume into the future across a range of possible future oil
prices. Theresults of this study can be considered a precursor to a
more detailed analysis to estimate potential impacts on future pro-
duction due to the necessity of redrilling otherwise promising,
abandoned reservoirs.

While well abandonments can be monitored with existing data, as
done by the National Stripper Well Association, the amount of
remaining oil resource associated with all abandoned wells has
not been previously estimated. Such an estimate is important
because of the impact that loss of near-term economic accessibility
may have on potential production from existing reservoirs. Sig-
nificant portions of this resource are targets for future production
by advanced technologies that are still undergoing research.

Specific states were analyzed independently to contrast resource
abandonment rates across the full range of maturity exhibited by
different regions in the Lower-48 states. The analysisincluded the
following nine major oil producing states: California, Colorado,
Illinois, Kansas, Louisiana, New Mexico, Oklahoma, Texas, and
Wyoming. These states were chosen for their magnitude of
resource, relative comprehensiveness of data, and diversity of
maturity. Asshownin Table1, they accountfor 83% of the original
oil in place and over 75% of the remaining oil resource in the
Lower-48 states. The data in publicly available sources on oil




production, well counts, and oil resources for these states are
reasonably complete.

These states span the range of maturity of the Lower-48 resource.
Although the entire resource in the Lower-48 states could be
considered mature, different areas are at varying degrees of ma-
turity. The remaining resource in states not analyzed consists of
older reservoirs that are closer to economic abandonment in the
eastern U.S. and more recently discovered reservoirs that are
further from their economic limit of production in western states.
While the included states are qualitatively similar to the full
Lower-48, this study does not explicitly extrapolate to the full
resource. Also, this analysis explicitly excludes the unique Alas-
kan resource, the abandonment of which lies further in the future.

Table 1: Original and Remaining Oil Resources in Nine States
Analyzed (Billion Barrels)

Original Remaining

Oil-in- Cumulative Remaining Oil-in-

State Place Production Reserves Place
California 84.7 20.8 5.8 58.1
Colorado 4.3 14 0.2 2.7
Illinois 9.1 3.2 0.1 5.8
Kansas 16.3 53 0.4 10.6
Louisiana 41.2 22.7 2.6 15.9
New Mexico 14.9 52 0.7 9.0
Oklahoma 39.0 12.7 0.9 254
Texas 154.7 574 7.9 89.4
Wyoming 16.7 51 1.0 10.6
Total, 9 States 380.9 133.8 19.6 227.5
Other States 79.1 3.2 1.7 74.2
Lower-48 States 460.0 137.0 21.3 301.7

For cross validation, this study used two independent methods
based on unique data:

¢ Petroleum Information (PI) data to estimate the volume
previously abandoned, cumulatively through 1980, and
annually from 1981 to 1987; and

Data Sources



e Tertiary Oil Recovery Information System (TORIS) data to
estimate historical data for the period 1985 t0 1987, allowing
direct comparison to the results of the PI data analysis, and
to project resource abandonments from 1988 to 2015 at four
oil price levels.

PI is the only cost-effective, multi-state system available to quan-
tify actual historical abandonment rates. It reports data on past
abandonments on a lease basis. PI data cannot be used to project
future abandonments without numerous assumptions about oil
prices and the volume of resource associated with specific wells.
TORIS can evaluate both past abandonments and future rates of
abandonment by analyzing the effects of oil prices on cumulative
abandonment and rate of abandonment. TORIS permits explicit
calculation of the remaining oil on areservoir-by-reservoir basis at
specific oil prices, so it avoids the assumptions necessary for
projecting PI data.

The two sets of estimates have somewhat different interpretations
because of the way abandonment is defined. Pl data, organized on
alease basis, produce a lagging estimator of true abandonment, as
PI considers the lease abandoned only when the last well on the
lease is plugged. Much of the remaining oil in the lease would be
abandoned before this time, as other wells are shut-in and ulti-
mately plugged before the final well is abandoned. Therefore,
much of the resource in the lease is effectively abandoned before
the lease as a whole is deemed abandoned. Abandonments based
on PI data, then, are low-side estimates of actual abandonments.
By contrast, TORIS estimates are leading indicators of true aban-
donment. TORIS considers the reservoir abandoned when the
average well in a reservoir is permanently shut-in. Poorer-than-
average wells willhave been plugged by this time and better-than-
average wells will continue to produce beyond this point, al-
though the reservoir as a whole is considered abandoned for the
purposes of this analysis. Abandonments based on TORIS analy-
sis, then, are high-side estimates, particularly in the near term.
Because abandonment is a cumulative phenomenon, however,
estimates based on PI or TORIS data and true abandonments will
tend to converge over time.

Both data sources have limitations and missing data. States were
analyzed in several ways to account for data discrepancies while
allowing direct comparison and evaluation of the two approaches
on a common basis. The methodology is discussed in detail in
Appendix B.




Because PI did not collect data for California prior to 1979, PI
results include only theremaining eightstates. PIlacks completely
comprehensive data on the four (of the remaining eight) states
with the more mature resource because data collection com-
menced relatively latein these states’ production history. Thedata
on these states, Illinois, Kansas, Louisiana, and Oklahoma, com-
prised only a portion of the total resource. The dataasreported are
therefore systematic underestimates. They were adjusted to ac-
count for the full resource of each state in consultation with PI
professionals. For a complete explanation of the data adjustments,
see “PI Method of Analysis” in Appendix B. The data were
complete for the remaining four states, namely Colorado, New
Mexico, Texas,and Wyoming. The data asreported for these states
were used in this evaluation without adjustment.

The Plinformation, as adjusted for missing data, provided cumu-
lative production for each state and for abandoned and inactive
leases. These production values were converted to remaining
resource numbers using the state average recovery efficiency,
which is the ratio of ultimate recovery to the original oil-in-place.
With this assumption, the assessment of theremaining oil resource
in each state and in abandoned and inactive leases were simple
mathematical calculations.

The TORIS analysis was limited to the nine states in this study
because of current data availability. Information on these states
included annual oil, gas, and water production, water injection,
and well counts from 1970 to 1985. Detailed, reservoir-specific
data were complete for only these nine states at the time of the
study. (Such data are presently being added to the TORIS data
base for the other major oil-producing states.) In these nine states,
766 individual reservoirs were analyzed. These reservoirs repre-
sent 61% of the original oil in place and 64 % of the remaining oil in
these states, which is over half of the original oil and 48% of the
remaining resource in the Lower-48 states. As noted in Appendi-
ces A and B, these samples were considered representative of the
full state in these analyses to make them comparable to the PIdata.

The data contained in TORIS for the nine states allowed for
production decline curve analysis of each reservoir. Exponential
decline functions were projected through the historical production
data, starting at the year of highest reported oil production. The

PI Data Limitations

PI Data Analysis

TORIS Data Coverage

TORIS Evaluation



STUDY RESULTS

Historical Abandonment
Trends Using PI Data for
Eight States

curve that demonstrated the best fit with the actual data was
selected for this analysis. The characteristics of this curve were
then used to project future levels of production.

TORIS assumes that future production continues, at declining
rates, until the economic limit of production, the minimum pro-
duction rate at which revenues meet or exceed production costs at
a given oil price, is reached. This projection of future recovery
assumes that current activities in the field to maintain or increase
production are continued in the future. Reduction or expansion of
these activities, including infill drilling, secondary recovery, and
well workovers, could directly affect the projections.

Oil price is the major independent variable considered in the
TORIS analysis. As oil prices increase, the economic limit of
production is lowered and productive life is extended. Con-
versely, as oil prices drop, the minimum production rate necessary
to keep the well profitable is raised and productive life is short-
ened. Although only changes in oil price were directly evaluated
for the purposes of this study, changes in other factors such as tax
policy, operating regulations, and technology improvements, could
impact abandonments in much the same way as positive or nega-
tive changes in oil price.

Because TORIS contains detailed information on reservoir proper-
ties, cumulative recovery, and current production levels, the sys-
tem can estimate recovery efficiency on a reservoir-by-reservoir
basis. Original oil-in-place was converted to remaining oil-in-
place, or remaining resource, by deducting the cumulative pro-
duction to date plus the estimated additional conventional recov-
ery, which was determined from the decline curve analysis. TORIS
estimates, therefore, provide a direct measure of remaining re-
source abandonment in each reservoir evaluated in this study.

PI data indicate that the rate of abandonment has been rising
through the 1980s and has accelerated since 1985. In 1980, 30% of
the known remaining oil resource was abandoned. Abandon-
ments rose by approximately one percent of the total remaining oil
resource per year from 1980 to 1985 and rose almost two percent
per year from 1985 to 1987. By 1985, 36% of the domesticresource
in the Lower-48 states was on inactive or abandoned leases, rising
to 40% by 1987 (Table 2).

10



Table 2 also shows TORIS results for the common period of 1985-
1987. For the eight states analyzed by both methodologies, TORIS
estimates that, as of 1985, between 28% and 47% of the resource
was atornearing the pointof abandonment for oil prices of $34 and
$16 per barrel, respectively. In 1985, the average oil price was
approximately $25 per barrel, suggesting 36% cumulative re-
source abandonment, a figure consistent with the PI results. For
1987, TORIS estimates a range of 34% to 56% cumulative abandon-
ment for the price range analyzed. For 1986, the rate of abandon-
ment increased to approximately 4% for all four prices. Between
1986 and 1987, the rate of increase ranged between 2% at the
highest price and 5% at the lowest.

Table 2: Comparison of PI and TORIS Estimates of
Cumulative Abandonments for Eight States
(Percent of Remaining Oil-In-Place)

Methodology 1985 1986 1987
PI 36 38 40
TORIS
$16/barrel 47 51 56
$22 /barrel 39 43 44
$28/barrel 33 36 39
$34 /barrel 28 32 34

The results of the two analyses are consistent over the time frame
for the eight common states evaluated (Figure 3). Theresults were
found tobe essentially identical for 1985 when the oil price was $25
per barrel, after the recent peak of $34 per barrel in 1981 and a
steady decline to that price in 1985. In 1986, however, oil prices
collapsed, dropping below $10 per barrel for a short period and
averaging approximately $13 per barrel for the year. The price
recovered to only $15 per barrelin 1987. The rate of increase for the
Plestimaterose from one to two percent per year for 1986 and 1987,
ending at40%. Recalling thatsince PIrecordsabandonmentsatthe
plugging of the last well on the lease, a lagging indicator, true
abandonments were probably higher.*

*Because production is necessary toretain leases and because prices were highly volatile,
some operators are known to have continued to produce at lcast one well per lease in
order to hold their leases, even where these opcrations were unprofitable, in hopes of
further recovery of oil prices.

11
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By contrast, the TORIS estimate for the oil price of $16 per barrel
was 56% in 1987, a figure substantially higher than the PIestimate.
In estimating when the average well in these reservoirs would be
abandoned, a leading indicator, TORIS anticipates or overstates
true abandonments by the difference in productive life between
the average wells that are abandoned and the better-than-average
wells that still produce and maintain access to the portion of the
resource surrounding them. Nonetheless, worse-than-average
wells will have been abandoned before the TORIS definition. The
TORIS estimates mightbeinterpreted as indicators of approaching
abandonment while the PI estimates might be considered indica-
tors of accomplished abandonment.
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Figure 3: Historical Abandonment Trends, TORIS Analysis
Versus PI Analysis (Results are Comparable for the 8
States Analyzed)

The difference between the two sets of estimates can be explained
by their necessarily different definitions of abandonment. TORIS
is based on analysis of reservoir units while PI is based on leases,
which are generally subsets of reservoirs. Moreover, TORIS leads
truereservoir abandonment and PIlags truelease abandonments.
These distinctions account for near-term TORIS projections ex-
ceeding Plestimates. Actual abandonments would bebounded by
these two cases. Thus, when leads and lags are considered, the
results of the two independent analytical systems are actually
quite consistent.
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Including California in the TORIS analysis reduces the estimates of
abandonment because of California’s relative immaturity as a
producing region. Even accounting for California, the results
indicate that over half of the domestic resource could be nearing
abandonment at the $16 per barrel price level. Actual abandon-
ments have not yet reached this mark because true abandonments
lag behind TORIS results. Nevertheless, even including the large,
relatively immature Californian resource, the analysis suggests
that, with currentoil prices, economicaccess to atleast two of every
five barrels of the remaining resource in the Lower-48 states has
been, or very quickly will be, abandoned.

TORIS predicts future rates of abandonment to continue the his-
torical trends reported by the two analyses. Figure 4 displays
TORIS projections for the 146 billion-barrel remaining resource
analyzed in this study. With oil prices between $16 and $22 per
barrel, TORIS projects that 50% of the resource analyzed will be
inactive or abandoned by 1990. If oil pricesremain at currentlevels
of approximately $16 per barrel, as much as three-fourths of the
resource could become economically inaccessible by early in the
twenty-first century.
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Figure 4: Remaining Oil Resource Abandonment (Nine State
TORIS Analysis)

Higher oil prices can delay, but not eliminate, resource abandon-
ment. Animmediate and sustained return to the historically high
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CONCLUSIONS

oil prices of the early 1980s will only postpone abandonments by
about ten years; wells associated with more than half the resource
would still be abandoned before the year 2000. At $34 per barrel,
the annual abandonment rate ranges between two and three
percent, a rate only slightly lower than that at lower prices. While
abandonments are delayed by prices close to historic highs in the
near term, they eventually rise to almost the same level expected
with lower prices.

In the near term, therefore, TORIS analyses indicate that the
abandonment rate is likely to accelerate. With continued low oil
prices, many reservoirs will reach their average economic limit of
production in the next five years.

Based on detailed analysis of available data from two independent

sources, at least 40% of the known remaining oil resource in the

Lower-48 states already resides in inactive or abandoned areas of

domestic reservoirs. Moreover, this figure is projected to rise to

50% by 1990 and to over 75% early in the next century if oil prices

remain depressed, indicating a rapidly accelerating abandonment

rate. If oil prices rise, the rate of abandonment will slow, but will

notreverse. Figure 5 shows thateconomic access to 50% or more of

the remaining resource will be maintained only through the next-
decade, even at oil prices that are double the current level.
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Figure 5: Remaining Oil Resource Contained in Active
Reservoirs (Nine State TORIS Analysis)
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As the wells that provide access to the oil resource remaining after
conventional recovery are plugged, the potential for future eco-
nomic recovery of the oil is largely forfeited at oil prices projected
in the foreseeable future. Because many advanced recovery proj-
ects cannot be justified economically if new wells must be drilled
or ifabandoned wells must be re-entered for testing, injection, and
production, continuing abandonment will limit the potential of
advanced oil recovery in both the near- and long-term.

The findings of this report can serve as a precursor to an analysis
of the potential impact of abandonments on the application of ad-
vanced recovery methods. The cost impact of drilling new wells
could delay the implementation of a recovery process or possibly
eliminate some opportunities for such applications. The results of
this study, coupled with additional reservoir analyses to identify
potential areas of advanced recovery opportunities, can be used to
estimate the resource base that is at risk. The results of such an
analysis could be used to focus short term work on methods to
delay abandonment in these high risk areas and thereby increase
opportunities for additional recovery. In many cases, the applica-
tion of existing technology in new locations or novel ways in
marginal fields may be appropriate. Research should proceed to
identify methods to reduce costsin advanced recovery operations,
allowing for timely utilization of wells that are approaching aban-
donment. Furthermore, in light of the increase in well abandon-
ments, research to identify methods to reduce costs associated
withredrilling abandoned wells or re-entering plugged wells may
help to increase the economic accessibility to the remaining re-
source.
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The permanent cessation of production operations in a well, lease,
or reservoir. Environmental laws require that once a property is
abandoned, all equipment mustberemoved and all wells plugged,
generally with cement, in order to insure the integrity of the
reservoir and to eliminate discharge of fluids into other forma-
tions.

Qil recovery operations that are currently in standard use. See
also: Primary Production, Secondary Recovery Methods

The minimum oil production rate at which a well can continue to
operate economically. This point occurs when revenues from the
produced oil equal the costs of operating and maintaining the well.

The third level of oil recovery operations that extends beyond
conventional recovery and produces oil immobile to water, or
residual, in reservoir rock pores after conventional recovery meth-
ods are complete. These operations require the injection of gases,
chemical solutions, or thermal agents into the reservoir to reduce
rock or fluid bonds thathold oil in pore spaces after the application
of appropriate primary and secondary methods. Future EOR
techniques may include the injection of microbes or other ad-
vanced agents to alter reservoir and fluid properties in an effort to
improve production.

Variability in rock properties caused by processes of deposition or
later alteration of the reservoir rock that limits oil recovery in
producing zones by hindering fluid flow. Heterogeneity can
occur both horizontally and vertically.

The part of the resource thatis not displaceable by further injection
of water and is therefore residual to secondary recovery methods.
This oilis the target for enhanced or tertiary recovery methods. See
also: Remaining Oil Resource ’
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Inactive

Infill Drilling

Lease

Miscible

Mobile Oil

Original Oil in Place
(OOIP)

A previously producing reservoir, lease, or well that is not cur-
rently producing. Inactive wells generally mustbe plugged within
one year.

Drilling of additional wells in a known, developed field to increase
or accelerate oil recovery. The process adds new wells between
and around existing wells to reduce the average spacing. Infill
drilling increases the production rate, producing proved reserves
faster. However, recent studies have indicated that the reduction
in well spacing also increases ultimate recovery, converting some
previously unrecovered mobile oil into proved reserves, and
ultimately, into production.

An oil-producing property that is legally obligated by the lessor,
usually the land owner, to the lessee, an oil company or operator,
for the production of oil. Normally, leases will be held for a short
period of time, the primary term, during which only rental pay-
ments are required. After the primary term is expired, the lessee
holds the property by continuing production and paying royalties
on the oil produced.

Able to be mixed or to form a single phase solution. In this context,
miscible solvent, usually a gas, is injected in the reservoir to mix
with oil, reducing viscosity and interfacial tension between the
rock and the oil, and thus, increasing recovery. See also: Enhanced
Oil Recovery

The part of the resource that is displaceable by (mobile to) water.
This resource consists of oil in isolated reservoir compartments,
uncontacted oil, that can be produced by primary recovery once it
is contacted by a well. Additional mobile oilis bypassed by secon-
dary recovery methods and requires additional wells and ex-
panded fluid injection projects to be produced. A significant por-
tion of the mobile oil resource is produced by conventional recov-
ery operations. Cumulative production and proved reserves in
most reservoirs account for alarge part of the mobile oil. Unrecov-
ered mobile oil is the portion of the resource remaining after con-
ventional recovery and is a target for infill drilling and advanced
secondary recovery methods.

The amount of oil originally contained in the reservoir prior to any
recovery. This oil is the overall target resource for all recovery
operations — past, current, and future.

18



The permanent abandonment of a well, often called plugging and
abandonment (P&A). The process includes recovery of all sal-
vageable equipment and the placement of permanent cement
plugsin thewell. Plugging isrequired to insure theintegrity of the
individual reservoir strata, to prevent contamination of fresh
water aquifers, and to restore the surface location to its original
conditions. See also: Abandonment

Recovery operations that rely solely on natural displacement
forces acting within the reservoir, such as expansion of dissolved
gas, expansion of an associated gas cap, and natural water incur-
sion (water drive).

Crude oil that geological and engineering data demonstrate with
reasonable certainty to be recoverable in future years from known
reservoirs under existing economic and operating conditions.*

The portion of the resource that remains at the completion of
conventional recovery operations. This resource is the original oil
less ultimate recovery, that is, cumulative oil production to date
and proved reserves. Itis the target for future recovery operations
and consists of mobile and immobile oil.

An oil-bearing geological formation, generally consisting of sand-
stone or carbonate rocks, having properties that allow production
of some portion of the oil it contains.

Total volume of oil in the reservoir; a target for recovery opera-
tions. Only a portion of the resource can be converted to proved
reserves and produced. The remainder is left in the reservoir. See
also: Proved Reserves, Remaining Oil Resource, Original Oil in Place.

Production methods that require the injection of fluids, usually
water or natural gas, to pressurize the reservoir and displace
mobile oil that remains after primary production.

The cessation of production activities for a well, lease, reservoir, or
field. In this context,a well is shut-in whenitisnolonger profitable
to operate. Ultimately shut-in wells are required to be plugged
within a specified time period.

*EIA, U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves, Washington, D.C,,
1988, p. 103.
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Stripper Wells

Tertiary Oil Recovery

Stripper wells are low-production oil wells that have produced at
an average rate of 10 barrels of oil per day or less for a 12-month
period. These wells are the most economically marginal wells and
the first to be shut-in when oil prices drop. They often produce
large quantities of associated water, particularly in mature secon-
dary recovery projects.

See Enhanced Oil Recovery
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The findings of this report are based upon the evaluation of
resource abandonment trends in nine major oil-producing states.
The methodology used is described in Appendix B. The results
from the TORIS analysis are presented in Figures A-1 through A-
8 for the respective states. The impact on resource access in each
state is discussed below.

Total Remaining Resource: 58.1 Billion Bbl
Remaining Resource Analyzed: 41.5 Billion Bbl (71%)

The TORIS results indicate that California reservoirs will be aban-
doned at a rate slower than the national average. Currently,
between 5 and 20% of the resource is at or near the economic limit
of production. Major resource abandonments are projected to
occur in California after the turn of the century. Over the range of
oil prices analyzed, from $16 to $34 per barrel, the abandonment
rate curves shiftby about 10 years. Historical productiondata from
PI cover only the period since 1978. Because suitable data could
not be found to consistently evaluate the historical lease abandon-
ments in California, the state was not analyzed under the PI
portion of the study.
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Figure A-1: California Remaining Resource Abandonment
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Colorado

Illinois
(Not Displayed)

Total Remaining Resource: 2.7 Billion Bbl
Remaining Resource Analyzed: 0.9 Billion Bbl (33%)

The results in Colorado from both analytical methods are consis-
tent. The Coloradoremaining oil resource will be abandoned more
slowly than the national average. Both PIand TORIS estimate that
approximately 10% of the remaining oil in the state has been
abandoned or is currently inactive. This percentage could quickly
jump toover 30% by the mid 1990s, but major reservoirs in the state
should notdrop below theeconomiclimitof production within the
next 25 years, even if oil prices remain low.
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Figure A-2: Colorado Remaining Resource Abandonment

Total Remaining Resource: 5.8 Billion Bbl
Remaining Resource Analyzed: 2.8 Billion Bbl (48%)

The TORIS analysis shows that nearly all current production in
Illinois is at or below the economiclimit. The PI analysis indicates
that at least 56% of the state’s resource is not currently under
production. Although TORIS overstates the likely short-term
abandonment level in Illinois, additional analysis of recent indi-
vidual production shows that most wells in the state are very
marginal at the current oil price level. Both analyses indicate that
a significant portion of the resource in Illinois is critically close to
abandonment.
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Total Remaining Resource: 10.6 Billion Bbl
Remaining Resource Analyzed: 5.7 Billion Bbl (54%)

The remaining oil resource in Kansas historically has been aban-
doned at arate above the national average. Both the TORIS and PI
analyses indicate that over 50% of the state’s remaining resource is
either already abandoned or rapidly approaching the economic
limitof production. The TORIS evaluation indicates that up to 80%
of the remaining oil resource in Kansas is contained in reservoirs
in which the average well production rates are currently subecon-
omic at an oil price of $22 /barrel or less. The step function noted
in Figure A-3 is caused by onelarge reservoir, containing approxi-
mately 20% of the state’s remaining resource. This reservoir
becomes uneconomic to produce in 1990 at an oil price of $16/B,
with abandonment delayed by nearly 8 years for each $4/barrel
increase in oil price. An oil price of $34/barrel would delay
abandonment of this reservoir until 2015.
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Figure A-3: Kansas Remaining Resource Abandonment

Total Remaining Resource: 15.9 Billion Bbl
Remaining Resource Analyzed: 7.8 Billion Bbl (49%)

The results from the two studies match closely in Louisiana. Both
studiesindicate that as much as 60% of the Louisiana resourceisin
imminent danger of abandonment. The TORIS estimate at the
lowest price is only slightly lower than the historical average
shown in the PI analysis over the period analyzed. The important
Louisiana resource will be abandoned much faster than the na-
tional resource. Unless current trends are reversed, access to over
90% of the state’s remaining resource will be lost within 20 years.
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New Mexico
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Figure A-4: Louisiana Remaining Resource Abandonment

Total Remaining Resource: 9.0 Billion Bbl
Remaining Resource Analyzed: 9.0 Billion Bbl (100%)

The overall agreement between results was also excellent in New-
Mexico. Both the past trend and TORIS projections show that New
Mexico resources are being abandoned at a very fast pace. Access
to approximately 4% of the total remaining resource is lost each
year, over twice thenational average. Overall, though, theremain-
ing oil resource in New Mexico should be abandoned in the future
at a slightly slower rate than for the nation as a whole, as produc-
tion in several large reservoirs should be maintained well into the
next century.
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Figure A-5: New Mexico Remaining Resource Abandonment
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Total Remaining Resource: 25.4 Billion Bbl
Remaining Resource Analyzed: 17.9 Billion Bbl (71%)

Both PI and TORIS analyses indicate that the Oklahoma resource
is economically marginal, and that significant portions have been
or will soon be abandoned. The PI analysis shows that over 60%
of the state’s resource is currently inactive, which is equivalent to
the TORIS projection at a $28/barrel oil price. If low oil prices
persist, over 80% of the Oklahoma resource will be abandoned in
the next 10 years, significantly more than the national average. The
price sensitivity of the resource abandonment rate in Oklahoma is
greater than in other states due to very “flat” decline curves in a
few extremely large reservoirs.
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Figure A-6: Oklahoma Remaining Resource Abandonment

Total Remaining Resource: 89.4 Billion Bbl
Remaining Resource Analyzed: 55.7 Billion Bbl (62%)

The two analyses project similar abandonment rates in Texas, as
both the PI data and the TORIS results at oil prices above $22/
barrel indicate a 3% to 4% increase in abandonments over the past
two years. As with the national analysis, the TORIS estimate atan
oil price of $16/barrel was higher than the Pl estimate, predicting
afaster abandonment rate than is indicated by the historical trend.
Both analyses indicate that the Texas resource abandonment rate
will be consistent with the national average. Access to over 70% of
this important state’s remaining oil could be lost within 30 years,
and even sooner at lower oil prices.
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Wyoming
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Figure A-7: Texas Remaining Resource Abandonment

Total Remaining Resource: 10.6 Billion Bbl
Remaining Resource Analyzed: 4.7 Billion Bbl (44%)

The TORIS estimate in Wyoming is very high compared to the
historical average developed using PI data. TORIS indicates that
the state’s resource would be abandoned faster than the national
average, a conclusion not supported by the historic PI trends.
TORIS coverage in Wyoming is below average, with only 44% of
the state’s resource considered in the analysis. If this coverage
could be improved, better agreement with the historic trend is
likely tobeachieved. Abandonmentratesin the state are projected
to decline significantly after 1990. As a result, even at an oil price
of $16/barrel, lost access could be limited to close to 65% of the
remaining Wyoming resource through the year 2000, 5% less than
the national average at the same price.
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Figure A-8: Wyoming Remaining Resource Abandonment

26



The resource abandonment estimates developed from the TORIS
analysis are reasonably consistent with the historic trends indi-
cated by Petroleum Information System’s data base. The historic
TORIS estimate is vastly different from the abandonments to date
calculated using PI data in only one state, Wyoming. The analyses
using TORIS and Pl dataidentified Kansas, Illinois, and Oklahoma
as states with extremely high near-term resource abandonment
rates. Over 50% of the remaining resource in each of these states
is rapidly approaching abandonment.

Additional data enhancements would improve the capabilities of
TORIS to analyze resource abandonments at the state level. The
greatest difference between results generated by the two systems
used in this analysis occurs in states with less than average TORIS
data coverage. Production data could be obtained only for a
portion of the resource represented in the data base for each state.
With additional data gathering to improve the resource coverage,
the TORIS analysis system would be able to provide very accurate
estimates of future resource abandonments at the state level.
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APPENDIX B

METHODOLOGY OF
ANALYSIS USING
TORIS AND PI DATA

e IO
s

This appendix is designed to provide technical detail on the data,
models, and methodology utilized to estimate domestic resource
abandonments. The methodology described here is briefly dis-
cussed in the text of the report, but the following isamoredetailed,
technical treatment. This appendix describes the decision process
used to determine the portion of the oil resource tobeanalyzed, the
datarequired to complete the study, and the various methods used
to convert and analyze the information.

Theanalysis was conducted in response to historical trends in well
abandonments. Stripper wells, economically marginal wells that
produce less than 10 barrels per day on average, are being aban-
doned at record rates. As shown in Figure 2 in the body of the
report, the magnitude of stripper well abandonments is closely
tied to changes in oil prices. Given the recent drop in the price of
crude oil, a large number of wells and their associated remaining
resource are being abandoned as conventional recovery methods
become uneconomic, causing the producing wells to be shut-in.

Although the abandonment problem has been recognized for
several years, its magnitude has not been measured because there
were previously no evaluation systems available to completely
analyze the resource associated with the abandoned wells. While
some existing data allowed speculation on the effects of abandon-
ments, no analytically based projections had been possible.

Developing a system for evaluating resource abandonments re-
quires significant information on the original oil-in-place in and
the production of domestic reservoirs. Ideally, projections of
future rates would be derived from analyses over a variety of oil
price and economic conditions. The Tertiary Oil Recovery Infor-
mation System (TORIS) has the data to support and is capable of
conducting such ananalysis. TORIS was enhanced and utilized by
the National Petroleum Council (NPC) for its 1984 assessment of
enhanced oilrecovery (EOR) potential.* TORIS was upgraded and

*hoc. cit.
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is now maintained by the Bartlesville Project Office (BPO) of the
Department of Energy (DOE). The system currently contains
detailed information on production, injection, and active wells for
reservoirs nationwide.

In addition to the TORIS system, an independent data and analysis
approach was developed as a means of verifying and contrasting
the findings. This system relies on information collected and
reported by the Petroleum Information (PI) Services on inactive
and abandoned leases. The resource on each of these leases was
calculated using the historical recovery efficiency for the state in
which theleaseislocated. Both the TORIS and Pl analysis methods
have shortcomings, but by properly structuring the results, these
limitations can be overcome and estimates developed from each
independent system can be compared and contrasted. Within the
constraints of the data and methods used in the analysis, theresults
representimportantfindings concerning the status of the domestic
resource relative to abandonment.

This study analyzed the resources of nine major oil producing
states: California, Colorado, Ilinois, Kansas, Louisiana, New
Mexico, Oklahoma, Texas, and Wyoming. These states contain
over 80% of the total resource in the Lower-48 states and rank
among the leaders in terms of current production levels. Good
data are available on the resource and its past production in these
nine states, which have been the focus of recent data collection
efforts. Well counts, associated gas and water production, and
operating costs have been recently updated and analyzed for these
studies. Given theirrelatively large and well understood resource,
these states were ideal for this preliminary evaluation.

An analytical system was established to utilize the inactive and
abandoned lease information available from PI. Relevantinforma-
tion was available on only eight states; the data for California were
complete only back to 1979 and therefore could not be analyzed on
the same basis as the other 8 states, for which more complete earlier
data wereavailable. Production data for theremaining eight states
were collected and processed using a consistent evaluation sys-
tem. Data were available on the cumulative production from
leases that were reported as inactive or abandoned for each year
from 1980 to 1987. Leases are considered inactive if they had
previously produced, but did not produce any oil during the

29

METHODOLOGY

PI System Characteristics



TORIS Characteristics

calendar year; they are considered abandoned by PIif all wells are
plugged or the lease has been inactive for three consecutive years.
Aleaseis alegal parcel of land that defines the production unit for
many recovery projects. Once a lease becomes inactive, the lease
agreement requires that production be restored quickly, or the
lease is forfeited. At that time, all wells must be plugged and all
equipment must be removed in order to restore the lease to its
original condition.

The information available from PI for each state included cumula-
tive production from active, inactive, and abandoned leases, rep-
resented in its data base. The current production data, also
available for active leases, were compared with production data
from the Energy Information Administration* to ensure that the PI
datarepresented the entire, currently active state resource. Cumu-
lative production data were compared to estimates made in 1980
by the American Petroleum Institute (API).** This comparison
was critical to the analysis because APIis the only available source
of estimates for individual state total original oil resources. By
assuring that the PI data represented the same resource volume as
the API data, and adjusting the data to reflect full coverage when
it did not, the resource assessment could be used to convert
cumulative production to remaining resource for each state.

The PI lease data base was the only source of data that could be
used to calculate historical resource abandonment trends. Other
sources, which appeared to offer no significantadvantagein terms
of accuracy over the PI data, were determined to be too costly or
time-consuming for use in this analysis. In some cases, the PI data
were incomplete, particularly for the California resource, which
had to be removed from this portion of the analysis. The informa-
tion on other states included only cumulative production, with no
direct measure of remaining resource in the leases covered. De-
spite these limitations, adjustments for which were incorporated
in the analysis, the PI data and analysis system offered the only
cost-effective alternative for accurately measuring past resource
abandonments.

The TORIS data base contains detailed information on over 3,700
reservoirs representing over 72% of the domestic oil originally
discovered in this country, including distinct rock and fluid prop-

*Energy Information Administration, Production and Well Data Base, Dallas, 1987.

**American Petroleum Institute, Reserves of Crude Oil, Natural Gas, and Natural Gas Liquids
in the United States and Canada, Washington, D.C., 1980.
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erties critical to describing the oil resource in each of these reser-
Voirs.

The TORIS data, models, and methodology were used to analyze
historical production trends and project probable future produc-
tion from 766 individual reservoirs in the nine states considered.
The well abandonment analysis was conducted on reservoirs with
sufficient TORIS data to support a detailed evaluation. Each
reservoir was evaluated using the models and system developed
by the NPC. The data for these reservoirs were updated and
enhanced toinclude production, injection, and well counts through
1985.

Table B-1: Extent of Data Coverage for TORIS Evaluation
Based on Original Resource in the Nine Major Oil-
Producing States Analyzed (Billions of Barrels Except
% of Total)

Analyzed Analyzed
Total TORIS Analyzed % of Total TORIS Analyzed % of
ooIP* OoOoIP* OOIP  Total ROIP ROIP ROIP Total

State

California  84.7 781 61.4 72 581 432 415 71
Colorado 4.3 23 22 51 2.7 1.8 0.9 33
Illinois 9.1 52 48 53 58 36 2.8 48
Kansas 16.3 10.4 7.7 47 106 7.8 5.7 54
Louisiana 41.2 17.3 12.3 30 159 13.2 7.8 49
New Mexico 14.9 126 126 85 9.0 9.0 90 100
Oklahoma 39.0 275 275 71 254 179 179 71
Texas 154.7 1075 96.0 62 894 72.0 55.7 62
Wyoming 167 92 80 48 106 69 47 a4
Total

9 States 3809 270.1 232.5 61 2275 1754 146.0 64
Other States 79.1 436 = = 742 244 = =
Total L-48

States 460.0 313.7 232.5 51 3017 199.8 146.0 48
* Based on API, 1980

Based on information from the DOE, production and well counts
since 1970 were determined for each reservoir. Table B-1 displays
the original oil-in-place (OOIP) and data coverage achieved in
assigning oil production to TORIS reservoirs in each of the states
analyzed. As discussed previously, these states account for a vast
majority of the original and remaining oil in place (ROIP) in the
Lower-48 United States. Overall, the reservoirs analyzed repre-
sented 61% of the original oil (and 64% of the remaining oil)
contained in the nine states evaluated, and over one-half of the
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PI Method of Analysis

total original resource (48% of the remaining resource) for the
Lower-48 states.

The data contained in TORIS for reservoirs in the nine states
allowed production decline curve analysis of reservoirs. This
system can project future resource access, while other known and
tested analytical systems, including PI, cannot. Because TORIS has
been has been tested and reviewed over the past several years, it
provides a highly dependable system for closely evaluating the
abandonment issue.

TORIS also contains detailed information on the actual resource
remaining in each reservoir, providing a distinct advantage over
the PI data and other analytical systems which must estimate or
extrapolate the resource values from other related data elements.
TORIS can also play an integral role in extending the present
evaluation of the remaining resource to a projection of the actual
effect of abandonments on future oil production potential.

The first step in this evaluation was to compare cumulative pro-
duction values from the PI data base values to the 1980 API data.
The comparison was used to establish the PI coverage in each state
evaluated. The four states with the less mature resource, namely
Texas, New Mexico, Wyoming, and Colorado, were fully covered
in the data base. The other four states, Oklahoma, Kansas, Illinois,
and Louisiana, were determined to be only partially covered by PI
data, and steps were taken to account for the missing information.
A series of assumptions were made and reviewed with managers
of the P data base; the mostlogical assumption that could account
for the discrepancy in each state was adopted.

The cumulative production for these four states, as reported by PI,
was increased to account for missing data. Two methods were
considered in adjusting the cumulative production oninactiveand
abandoned leases. The first method assumed that the resource
missing from the PI data base was and is being abandoned at the
same rate as the leases represented in the data. This scenario was
unlikely in the case of Illinois, Kansas, and Oklahoma because the
PI data accurately accounted for all actively producing leases
based on comparisons of current production levels in each state.
For Louisiana, this assumption was appropriate and was used
because PI data included production information on all leases,
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active, inactive, and abandoned, only since 1969 and excluded all
previous information.

For the other three states in which production discrepancies were
noted, an alternative method was used to account for the missing
data. This method assumed that the discrepancy was due to leases
abandoned before the PI data base was formed. This theory, based
on evaluation of the full data base used to develop the Pl results
and discussions with managers at PI, appeared reasonable.

The PI information, as adjusted to account for missing data,
provided cumulative production for each state and for abandoned
and inactive leases. These production values had to be converted
to remaining resource estimates for comparison to the TORIS
results, using the state average recovery efficiency, under the
assumption that each lease had produced at the reported level of
the state as a whole. The state average recovery efficiency was
calculated by dividing the ultimate state production by the origi-
nal state oil resource. With this assumption, assessing the remain-
ing oil resource in the state and in abandoned and inactive leases
is a matter of simple mathematical calculations to convert from cu-
mulative production from abandoned and inactive leases to re-
maining oil in place.

The analysis of abandonments using the PI system assumes that
the resource on alease is abandoned when the last well on thelease
becomes inactive or is plugged. This abandonment time is later
than the actual abandonment time for a significant portion of the
resource on the lease. Much of the remaining oil in the lease would
be abandoned before this time, as other wells are shut-in and
ultimately plugged before the final well is abandoned. The PI
analysis therefore represents a low-side indicator of actual aban-
donments. The rates of abandonment estimated with this system
lag actual rates because wells within thelease (and their associated
remaining oil resource) that are abandoned over time are not
reflected in the PI data until the last well becomes uneconomic to
produce.

The data contained in TORIS for the nine states was used to derive
a production decline curve for each reservoir. The system cur-
rently contains fifteen years (1970 through 1985) of historical pro-
duction data on oil, water, and gas for each analyzed reservoir.
Historical production data were used to project a series of expo-
nential decline functions, starting at the year of highest reported
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annual oil production. The various curves were evaluated, and the
one that demonstrated the best “least squares” fit, through the
production history was selected. The characteristics of this curve
were then used to project future reservoir production levels.

Future production was estimated as a function of the demon-
strated production in the recent past. For this reason, TORIS
projections assume that historical operator activities to maintain
and improve recovery from the reservoir are continued into the
future. To the extent that historical production levels have been
sustained by infill drilling, workovers, and expansion of secon-
dary recovery within the reservoir, TORIS assumes these activities
will be continued in the future at near historical rates. If these
activities are significantly expanded or curtailed, the future pro-
duction projections will either understate or overstate the true
situation; the projections will be too low for reservoirs where
recovery operations are expanded, and too high for reservoirs
where improved recovery operations and maintenance activities
are curtailed. In a period of rapidly falling oil prices, activity is
more likely to be curtailed than expanded.

TORIS projects continued future production at declining rates
until the economic limit of production is reached. This limit
establishes the productivelife of thereservoir based on the oil price
and the estimated operating cost. The economic limit of produc-
tion, the minimum oil rate at which revenues meet or exceed
production costs, was calculated at various oil prices. Costs
associated with producing each well were established using the
regional average costs reported by EIA* for the depth and the
geographic location of the reservoir. The overall operating cost
projections included costs for workovers, general maintenance of
wellequipment, and maintenance of production equipment. These
costs were adjusted to reflect the expected costat the oil pricebeing
analyzed, based on a cost-price relationship developed by the
NPC.** These costs were verified to ensure accurate prediction of
actual 1987 costs. To the extent that operators can defer these
activities or reduce costs by limiting or varying the type of main-
tenance performed, the assigned costs may be overstated. How-
ever, equipment maintenance is crucial to continued production
and access to the remaining resource.

*Energy Information Administration, Cost and Indexes for Domestic Oil and Gas Field
Equipment and Production Operations, Washington, D.C., Annuals 1977-1987.
**NPC, op. cit. Appendix C, p. C-1-C-4.
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If new, advanced recovery activities are implemented beyond the
expansion of ongoing projects, the estimates of individual reser-
voir production levels could become inaccurate. The effects of
intensive infill development and/or the implementation of new
recovery practices, such as EOR, which could increase future
production potential and extend reservoir life, are not considered
by these estimates. Conversely, if drilling and workover activities
or expansion of existing secondary recovery activities are not
continued at past levels, future production could be lower than
estimated, and abandonment would occur sooner than projected.
Therefore, to the extent that operating practices evolve in the
future, the actual production and reservoir abandonments could
differ somewhat from the TORIS projections.

Oil price is a major independent variable considered in the TORIS
analysis of economic limits. As the oil priceincreases or operating
costs are reduced by successful research, the economic limit is
reduced and productive life is extended. When oil prices fall or
operating costs increase due to factors such as increased regula-
tory activity, the economic limit increases and the productive life
is shortened. Properly designed tax incentives could have the
same effect as increased oil prices in extending the productive life
of reservoirs. Therefore, although only changes in oil price were
directly evaluated in the study, these other factors may haveeffects
on abandonments similar to those noted with oil price shifts.

Because TORIS contains detailed information on reservoir proper-
ties, cumulative recovery, and current production levels, the sys-
tem can be used to estimate recovery efficiency on a reservoir-by-
reservoir basis. Original oil in place is converted to remaining oil
in place, or remaining resource, by deducting ultimate recovery —
the cumulative production to date plus the estimated additional
conventional recovery, as determined from the decline curve
analysis of the original oil in place. TORIS estimates, therefore,
provide a direct measure of remaining resource abandonment in
each reservoir evaluated in the study.

No attempt was made to account for missing TORIS data. The
analytical results consider only the reservoirs actually evaluated
during the study, which, as stated previously, account for a large
majority of the remaining oil resource estimated in all reservoirs of
the states analyzed. Although this analytical method is the most
thorough possible evaluation of the domestic resource, the results
have not been extrapolated. The resource abandonment values in
this analysis are reported as calculated, converted to a percentage
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of the total remaining resource in each state for analytical conven-
ience. Given the nature of the data used and the overall coverage
realized, the results should be reasonably accurate for all of the
remaining oil resources in the Lower-48 states.

The TORIS evaluation system provides a high-side, or leading,
indicator of resource abandonment. The analysis of production is
conducted reservoirwide, and therefore considers average reser-
voir properties, production, and well counts. TORIS estimates the
economiclimit and timing of resource abandonment based on the
average well in each reservoir. The abandonment of the average
well precedes, or leads, the abandonment of better-than-average
wells that continue to produce for some time after the TORIS
projected reservoir abandonment date; access to the remaining
resource associated with these wells is thus maintained after the
time TORIS projects its loss. For this reason, in the near term,
TORIS estimates are higher than actual abandonments, even when
analyzed at the prevailing oil price.

The TORIS evaluation uses a fixed oil price analysis method and
cannot account for changes in the oil price. As a result, such
changes, particularly rapid increases or drops as experienced
recently, will not be immediately and accurately reflected in the
projected abandonment rates. Conversely, TORIS projections
assume that the oil price analyzed has been and will continue tobe
the only price considered by operators in making production
decisions. This assumption can further increase the short-term
TORIS projections relative to actual abandonments in times of
falling oil prices.

Despite the limitations of the system, TORIS projections provide
reasonable estimates of resource abandonments, particularly over
mid- tolong-term time periods. Itsleading nature and overestima-
tion during times of falling oil prices will be mitigated over time,
because abandonments are projected on a cumulative basis, and
because operators will ultimately adjust their producing and
abandonment activities to reflect changes in oil prices. While
TORIS projections in the near term may overstate actual abandon-
ments, estimates beyond the next five to ten years should begin to
converge with actual abandonments.

The projections developed for this analysis utilized two independ-
ent data and analytical approaches. The results are reasonably
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consistent when they are placed on a common analytical frame-
work. The PI analysis considered the abandoned resource for the
state as a whole, assuming that the data, after adjustment for
obvious missing elements, accounted for the entire state resource.
TORIS estimates considered only the resource actually contained
in the data base, with no adjustment for missing data or reservoirs.
The results of the two approaches were placed on a common basis
by converting abandonments to percentage of analyzed resource.

The results must be considered with the limitations of each system
inmind. The results were not adjusted to account for the inherent
lead and lag effects associated with the two methods used. Fur-
ther, the resource assessments developed from the PI data may
understate the actual resource on abandoned leases if the state
average recovery efficiency is higher than the actual recovery
efficiency of the lease. This phenomenon could have occurred on
many older leases, which were abandoned before higher oil prices
and new reservoir management practices helped toincreaserecov-
ery potentials.

The range of values projected by TORIS over the price range
analyzed and the results from the PI evaluation can be viewed as
reasonable upper and lower bounds of actual abandonments to
date. Future abandonments should also lie within the bounds
established by the TORIS projections. Therange of prices analyzed
in this study should adequately account for future changes in oil
prices and the leading nature of the TORIS projections.

The PI analysis considered the impact of both inactive and aban-
doned leases in evaluating resource abandonments. Therationale
for including inactive leases is that they cannot be maintained by
operators for a long period of time. After the last well is shut-in,
environmental regulationsrequire the plugging of the wells, usually
within oneyear. Thelease, ifitisbeyond its primary term, islegally
held only by production and will therefore expire once production
ceases. The TORIS projections, likewise, evaluate when the
reservoir will no longer be economic to produce and must be shut-
in. This inactive status will precede complete, permanent aban-
donment by as much as a few years. Although regulatory changes
can increase the delay between a well becoming inactive and its
required plugging, legal statutes and lease terms usually require
abandonment activities to proceed shortly after production from
the lease ceases.
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CONCLUSIONS

This study evaluated the abandonment of domestic oil resources
using two independent, but consistent analytical systems. The
findings of the two analyses appear to be reasonably compatible
when thelimitations of each system are considered. Theresults are
captured in a range of current and future levels of resource
abandonments in the nine states evaluated in the study. Due to the
level of coverage of the data analyzed, the results are also a
reasonably accurate reflection of the abandonment situation in the
entire Lower-48 state resource.

The results are consistent with other trends. The recent drop in oil
prices has accelerated the rate of stripper well abandonments.
Production in the Lower-48 states, which has dropped 12% in the
past two years, is falling because marginal wells can no longer
operate profitably and must be shut-in. The results of this analysis
provide new insights into the abandonment of the domestic re-
source, insights not possible through simple evaluation of previ-
ously noted trends in production, well drilling, and reserve addi-
tions.
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